Cerebral venous thrombosis (CVT) represents 1% of the total stroke pathology but is a real challenge both regarding the diagnosis and the treatment. Objective: Evaluate different etiological, demographical, clinical, imaging and therapeutic aspects of CVT. Material: Prospective study during 4 years. From the total 3658 patients hospitalized with acute stroke, 45 (1.23%) had CVT. For each patient, were recorded: demographic data, symptom of onset, type of onset, daily habits, medical history, neurological examination, brain imaging (CT and MRI with venography). Statistical analysis: data are presented as mean and SD and Student t test was applied. Results: Mean age was 44.07± 23,12 years; female: male ratio 2.21:1. The most frequent type of onset was acute (77.78%). Headache was found in 80% of cases as initial symptom, followed by neurological focal deficits. As risk factors, thrombophilia was found most often (59.5%), followed by local infections. No risk factors were found in 17.8% of cases. The brain imaging was positive in 29 patients. In 16 cases, the imaging workout was negative and the diagnosis consisted of clinical criteria, risk factors, response to heparin treatment. Conclusions: CVT is a rare pathology that affects mainly young women and that needs a complex diagnostic evaluation. The patient prototype diagnosed with CVT in our region: female of 44 years old, with an intense acute headache, with MRI showing direct signs of transverse sinus thrombosis, with a thrombophilic state and good response to anticoagulants. Brain MRI is the imaging investigation required but clinical aspects play a decisive role.
Introduction
Cerebral venous thrombosis (CVT) represents approximately 1% of all types of stroke but it is more difficult both to diagnose, to perform the etiological workout and also to treat. Due to the new and modern means of investigation (mostly the development of neuroimaging) the term of CVT hides a wider clinical picture than initially considered. Clinical aspects of CVT are represented by: headache, papilledema, visual loss, focal or generalized seizures, focal neurologic deficits, confusion, altered consciousness and coma [1, 2] .
Symptoms associated with CVT are related to the area/ sinus of thrombosis, requiring a good knowledge of the anatomy of venous system as an essential step in evaluation of these patients. An early therapeutic measure is easier nowadays due to the progress of neuroimaging investigations [3, 4] .
The incidence of CVT is difficult to determine, but generally it is believed to represent an uncommon cause of stroke, with the reported ratio of venous to arterial strokes being 1:62.5. Nowadays the incidence is estimated to be around 0.22/100,000 annually in adults, 0.67 cases per 100 000 in children under 18 years and 11.6/100,000 in obstetric patients. It can pose diagnostic and therapeutic challenges and without a high level of suspicion, can be easily missed or mistaken for other, more frequent neurological conditions. The mortality from CVT, classically ranging from 30 to 50%, dropped nowadays to less than 10% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The pathogenesis of CVT is still in debate but 2 mechanisms have demonstrated a constant implication in disease onset: a) elevated intracranial pressure (decrease in cerebrospinal fluid absorption); b) cerebral parenchymal lesions (secondary to thrombosis of dural sinuses and/or cerebral veins) [6, 12, [14] [15] [16] .
Regarding the etiology of CVT, many risk factors are found to play a major or a secondary role. The major risk factors are found in more than 85% of cases, being represented by: oral contraceptives, pregnancy and puerperium, malignancy, protrombotic genetic (G20210 A protrombin gene mutation, factor V Leiden mutation, MTHFR gene mutation etc) or acquired (antithrombindeficiency, protein C or S deficiency, hiperhomocysteinemia, etc) conditions. The implications of genetic and some behaviour factors explain the different aetiologies found in different ethnic
Correspondence to: Rodica Bălaşa E-mail: iipascu@redatronic.ro and population groups. These differenced determined us to look carefully in our CVT patient group [1, 2, 9, 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
The most sensitive imaging technique to confirm the diagnosis of CVT is magnetic resonance imaging (MRI) with acquisition of venography sequences. This technique is more sensitive than brain computer tomography (CT) [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] .
The treatment of CVT is mainly based on the use of anticoagulants, treatment of risk factors and decrease of an elevated intracranial pressure. The use of long term oral anticoagulants is still in debate, but it is generally agreed that after 6 months of anticoagulation their use must be restricted only to patients that have a proved thrombophilic state [49] [50] [51] [52] [53] [54] .
Material and Methods
We performed a prospective study that took place in the First Neurological Clinic from Târgu-Mureș during a period of 4 years: July 2010 -July 2014. From the total of 3658 patients that were hospitalized during this period with acute stroke, 45 (1.23%) had a diagnosis of CVT.
Our objective was to evaluate different etiological, demographical, clinical and imaging aspects of the CVT as well as response to treatments within this condition.
Inclusion criteria: positive diagnosis of CVT, according to the four syndromes that determine the clinical presentations proposed by Bousser and Ferro in 2007 [1] : a) focal syndrome (focal signs together with headache or/and seizures or/and various degrees of altered consciousness); b) intracranial hypertention syndrome (headache, nausea, vomiting, papillary oedema); c) subacute diffuse encephalopathy (various degrees of altered consciousness); d) cavernous sinus syndrome (ophtalmoplegia, proptosis, kemosis, dyplopia). All these clinical criteria were interpreted together with the symptomatology and different cerebral imaging techniques such as: MRI with venography, CT with venous acquisition and in some patients classical venography.
Exclusion criteria: patients younger than 18 years old, other pathologies sometimes with similar symptomatology but with positive cerebral imaging for: arterial stroke, primary or metastatic tumours, different demyelinating diseases including multiple sclerosis, arterio-venous malformations, and different cerebral infections. We also excluded patients in whom the differential diagnosis workout was not finished.
For each patient, demographic date were recorded together with: onset of symptoms, type of onset, daily habits (smoking, alcohol intake), medical history (including oral contraceptive consumption, cerebral trauma, previous surgery, infections mainly in the facial region, pregnancy and postpartum period, presence of autoimmune diseases, presence of chronic infections like HIV, hepatitis type B or syphilis), neurological examination, brain imaging which consisted in CT with venography in all 45 patients, while 31 cases (68.88%) had also a brain MRI with gadolinium (Gd) contrast administration and image acquisition of both parenchymal and cerebral venous sinuses and veins. In a case where a strong clinical suspicion of CVT was raised and both CT and MRI were negative, a classical venography was performed that finally confirmed the diagnosis. In both CT and MRI imaging methods, the presence of direct signs for CVT (presence of dense clot, cord sign, empty delta sign, absence of normal flow void in affected veins on MRI technique), as well as the presence of indirect signs (venous infarction with or without secondary bleeding, cortical oedema, cortical/cerebral haemorrhage) was marked for each patient. The CT was performed in emergency conditions while the MRI examination was performed the next day in some cases.
All patients had also an ocular fundoscopy performed either by the neurologist or by the ophthalmologist. In all patients a wide paraclinical investigation was performed in order to identify the risk factors for the CVT: diagnosis of autoimmune connective diseases (Sjögren syndrome, systemic lupus erythematosus, anti-phospholipid antibodies, sarcoidosis, cerebral vasculitis), HIV1 or 2 serology, Treponema pallidum haemagglutination assay, other tests for thrombophilia (serum level of protein C, S, antithrombin III, G20210 A protrombin gene mutation, factor V Leiden mutation, MTHFR gene mutation etc).
Statistical analysis: Parametric data are presented as mean and SD and Student t-test was used for statistical analysis. Differences between variables were evaluated for significance using t-tests or Wilcoxon's rank-sum tests. These were considered significant if the p value was < 0.05.
We focused mainly on the clinical aspects of the onset in CVTs, correlated with the neuroimaging that confirmed the diagnostic and with the risk factors found.
The study respected the Declaration of Helsinki. All subjects or their first degree relatives signed an informed consent that was approved by the local ethics committee.
Results
From the total of 3658 cases of acute stroke that were admitted in our department in the study period, 45 (1,23 %) cases were diagnosed with CVT.
The mean age of patients with CVT was 44.07± 23.12 years (minimum 20 years, maximum 81years old). Almost half of the patients (46.67%) were in the 30-50 years old group, 33.33% were older than 50 and the rest of 20% of cases were younger than 30 years old.
The female: male ratio was 2.21:1. Regarding the sex distribution in the three age groups, the most important significant difference was found in the youngest group of patients (< 30 years of age) where the female to male ratio was 5:1, while in the oldest group the number of females was equal to those of men (6 each).
The most frequent type of onset was, as we expected, acute (less than 48 hours, 35 cases -77.78%), followed by subacute onset (2-30 days with a mean time of onset at approximately 1 week since the first signs appeared) in 7 cases (15.56%), while 3 patients (6.67%) had a chronic type of onset (more than 30 days).
Among the most important three symptoms presented by the patients, headache was found in 80% of cases, followed by neurological focal deficits in 48.9% of patients and nausea, which was described by 28.9% of patients. Interestingly, generalized seizures and papillary oedema that were previously presented as main CVT symptoms were found in our cohort only in 17.8% and 15.5% respectively of cases. Figure 1 presents the frequency of signs and symptoms found at CVT onset.
The risk factors were searched and divided in a systematic manner: systemic risk factors (thrombophilia inherited or acquired, smoking, previous surgery or trauma, pregnancy and postpartum period, etc.) and local risk factors such as local infections. Table I shows the risk factors found in our cohort of CVTs (whether a systemic or local cause was discovered). Thrombophilia was found most often in 22 cases (59.5%), followed by local infections like otomastoiditis in 12 patients (32.43%) and by smoking. In a significant percentage of cases (17.8%) we could not identify any risk factor.
Regarding the brain imaging, this method was useful in 29 patients contributing both to diagnose CVT and to clarify the topography of the affected vein/veins or venous sinuses (tab. II). In 16 cases, the imaging workout was negative and the diagnosis consisted of clinical criteria (signs of intracranial hypertension in 18.75% of patients), presence of risk factors (thrombophilia in 43.75% of cases, local infection in 18.75% of cases) and response to heparin treatment. The main imagistic method used in our patients to confirm the diagnostic and also to rule out other diseases was CT that was performed in all 45 patients and was suggestive for CVT in 13 cases (35.2%) ( fig. 2) . MRI was done in 31 patients and was suggestive for CVT in 19 cases (61.3%) (fig. 3, fig. 4 ). In one case the classical angiography/venography confirmed the previous suspicion of CVT. Fig. 5 graphically presents the case distribution according to the direct/indirect imaging signs fond on CT or/and MRI. The most frequent sinus involvement was found in transversal sinus (44.4%), followed by cortical veins in 24.4% and then thrombosis of the sagittal sinus (20%). Other imaging signs of CVT were found with the following localisation: cavernous sinus (15.56%), sigmoid sinus (11.1%) and straight sinus in one patient (2.2%) (fig. 6) .
Regarding the treatment, all patients were put on anticoagulant therapy that consisted in the acute phase of heparin or of derivates of heparin with low molecular weight (enoxaparin, nadroparin). In 55.56% of cases Mannitol was used in order to reduce intracranial tension and with the same purpose we used various types of corticoid treatment (Dexamethasone or methylprednisolone) in 37.78% of patients. Antiepileptic drugs (levtiracetam, carbamazepine, valproic acide) were used only in patients that had seizures (33.33%). We also administered symptomatic therapy like analgesics in 53.3% of patients. At discharge, the patients were put on oral anti-K vitamin therapy for at least 6 months (patients that had an inherited thrombophilia remained on anticoagulant therapy for longer periods).
We had no fatal events, 2 patients remained tetraparetic and the rest of 43 had a regressive symptomatology or even asymptomatic at discharge.
Discussions
CVT is an uncommon and frequently unrecognized type of stroke that affects approximately 5 people per million annually and accounts for 0.5% to 1% of all strokes [1] [2] [3] . The results are similar to our findings (approximately 1%). CVT is more commonly seen in young female individuals. According to the largest cohort study, 487 (78%) of 624 cases of CVT occurred in patients <50 years of age [1] . The mean age of our series (44 years) were slightly different from the literature data : 37 years [53] and 43 years [13] . We had a significant difference in the CVT incidence in patients younger than 50 years old. In the literature the proportion of CVT patients that present this age criterion represents 78% [1, 54] while in our study the percentage was slightly lower, 67%. This might be due to a higher access to MRI in this active group of women from western countries compared with our group. CVT is believed to be more common in women than in men. In a series of 110 cases, Ameri and Bousser [16] found a female-to-male ratio of 2.29:1. In almost total accordance with the above mentioned publication we found a female-to-male ratio of 2.21:1.
The onset of the cerebral venous thrombosis has a wide distribution. We found that in 77.78% of the cases included, the onset was acute while data from the literature show for this kind of onset very different results: 28% [2,16] -37.2% [54] . The subacute onset was found in our cohort in 15.56% of cases while in other studies this type of onset was the most frequently found, being 42% in Ameri and Bousser [16] study. The chronic type of onset was found in 6.69% in our cases compared with 7.2% in the study conducted by Ferro et al [54] . A difference in our study series was observed, mostly related to the fact that we had a higher number of patients with acute onset. This fact might be explained by the high addressability of the patients to the emergency room when a sudden atrocious headache interferes.
As shown in fig. 1 , the majority (80%) of our patients accused headache as the first symptom, almost a half presented focal neurological deficits, while only 17.8% had the classical presentation with seizures. Ferro et al [54] and other studies [7, 24, 55] found that the most common presenting symptom was headache (80-90 %) that could be the only symptom in up to 5% of cases. In many studies, seizures (focal or generalized) and paresis were seen in up to 40% of patients [1, 2, 3, 8, 10, 16] . Table III presents data from our study compared with those found by Ferro et al in 2004 [54] . Regarding the major risk factor for CVT inherited and/ or acquired hypercoagulability disorder was predominant in our study (59.46%), as well as in the literature [2, 56] . Venous thrombosis occurs if there is an exaggerated activity of haemostasis and/or a reduced activity of the antithrombotic mechanisms. Still CVT has in most cases a heterogenous ethiology and pathogenesis. Most frequently, a hereditary thrombophilias (factor V Liden, hereditary hiperhomocisteinemia, deficiency of Protein C, Protein S, antithrombin III, increased factor VIII and dysfibrinogenemia) is associated to one or more acquired causes (dehydration, surgery, trauma, pregnancy/postpartum period, hematological disorders, vicinity infections, autoimmune diseases like antiphospholipid antibodies, renal, cardiac, liver diseases, increased age, malignances, smoking), corticosteroid treatment, lumbar puncture. In most cases, one or more acquired causes are the real cause for CVT. In favor of this statement, stand the numerous causes of acquired Protein C and S and antithrombin deficiency in liver diseases, elevated factor VIII is found in obese and aged patients, hiperhomocisteinemia has a multitude of causes (malnutrition, Vitamine B12 and folic acid deficiency), etc. Local infections were almost double in frequency in our study compared with other data published. The explanation might be in the high percentage of patients that neglect the ear or sinus infections. Also a difference but in a different direction is the oral contraceptive use as a risk factor in CVT. In our study the number of patients found with this risk factor is reduced to a third than in other cohorts. The explanation might be that this medication is not used on a wide scale by our female population as a contraceptive measure. Studies made in countries from the Middle East had the same percentage of patients using oral contraceptives as we found in our study [5, 14, 16, [17] [18] [19] [20] [21] [22] 56, 57] .
The thrombus was most often localized in the transverse sinus in our study, like in majority of other published data. In the literature, the second sinus affected in CVT is the sagittal sinus with a range frequency of 44%-71%, while in our study was found to be affected in 20% of cases. The differences among these studies are presented in table no IV. A very important issue is the discussion regarding the best examination for the positive diagnosis of CVT. In our data, together with data that we found in literature, brain CT imaging is positive only in approximately 1/3 of cases. The gold standard method used was cerebral MRI that was positive in more than 60% of cases. In some studies that beneficiated of a very modern MRI machines, the percentage grew up to 70%. We can also notice that one third of patients can have CVT in the presence of normal brain CT and MRI, the importance of clinical aspects in this pathology is major [40, 54] . Despite the high rate of mortality in patients with CVT, the outcome of our patients was good.
Conclusions CVT is a rare pathology that affects mainly young women and needs a more complex diagnostic evaluation than the rest of stroke pathology. The CVT etiology is multifactorial and identification of all risk factors is essential for the long term prevention and treatment. The patient prototype diagnosed with CVT in our clinic has the following characteristics: a female of 44 years old, presenting an intense headache with acute onset, with an MRI showing direct signs of transverse sinus thrombosis, with a thrombophilic state and with good response to anticoagulants. Brain MRI is the main imagistic investigation required in a case of CVT but the clinical aspects play a decisive role.
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